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1. 0 Introduction 
The rapidly increasing interest in amino- sugars in 
current times has led to the development of several routes to the 
synthesis of these compounds. 24• 25 • 26 The oxidation of such 
amino sugars to amino-acids has also been carried out in some 
cases. 
27 The resulting amino-acids are unsuitable for the pro-
duction of marketable polyamide (nylon) type plastics since the 
hydroxyl groups on the carbon skeleton of the carbohydrate chain 
result in the formation of gummy polymers, with low water 
. t 1 1 . . t d 1 d •t• . 28 rests ance, ow me tmg potn , an ow ecompost ton potnt. 
The replacement of hydroxyl by hydrogen however, would be 
greatly advantageous to the physical properties of the polymer, 
and could possibly result in commercially useful products. 
The object of the present research was to suggest and 
evaluate synthetic methods suitable for dehydroxylation of amino-
sugars without the accompanying deamination taking place. 
The results of the investigation are of theoretical and practi-
cal interest. 
2. 0 Literature Review 
The type of reduction with which we are specifically 
concerned in this investigation is, strictly speaking, a type of 
de-hydroxylation of non-terminal hydroxyl groups: 
t 
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Such reductions were reported first by Crum-Brown2 
in 1863 and by de la Motte 1 in 1879. 
De la Motte reduced saccharic acid to adipic acid using 
hydrogen iodide and red phosphorous: 
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He carried out this reaction at a temperature of 140-150°C 
in a sealed tube for several hours, and separated the resultant 
mixture of hydriodic, phosphorous and adipic acids by taking 
advantage of the fact that the lead salt of adipic acid is somewhat 
soluble in water. The lead was then precipitated with hydrogen 
sulfide and the free acid extracted with ether. The elemental 
analyses and melting points of his "purified" product are uncon-
vincing but the reactions and physical properties leave no reason-
able doubt that his product was, in fact, adipic acid. 
The work of Crum-Brown is similar: He followed exactly 
the same reduction method on mucic acid (isomeric with saccharic 
acid) and continued the reaction for 20 hours. The soluble lead 
adipate was separated and decomposed by hydrogen sulfide; after 
which the aqueous solution of adipic acid was concentrated in vacuo 
until crystals of the free acid were deposited. Evidently, Crum-
Brown obtained a purer sample of adipic acid by this method, 
since his melting point and analytical results are better than 
those of de la Motte. 
However, both authors have failed to state any yield for 
either process and both frankly admit that a large amount of carbon 
dioxide was formed as a by-product in both reactions. 
Crum-Brown 1s report is in the form of a preliminary 
announcement and he expresses a future intention of studying the 
reaction more closely; however, no further publication is on record. 
2. 1 Hydrogenation of Glucose Itself 
Information on the catalytic hydrogenation of sugars and 
related substances was collected in the hopes of being able to find 
a method more suitable for the type of reduction in which we are 
interested. 
Glucose itself may be hydrogenated with platinum black in 
aqueous alkaline solution to yield the isomeric polyhydroxy compounds 
mannitol and sorbitol. 3 This work was carried out by Cake, who 
argues that we may expect catalytic hydrogenation to be most 
successful in alkaline solution, since the assumed hydrogenation 
mechanism involves the straight chain form of glucose, and this 
form is favored by a high pH. Experimentally, he was unable 
to effect any reduction in neutral or acidic solution but succeeded 
" 
in hydrogenating D-glucose in o· 5N potassiwn hydroxide solution 
using hydrogen gas at atmospheric pressure and platinum black 
as catalyst. The reaction took 18 hours at room temperature 
and the products were separated by the method of Fischer. 4 
Similar results are obtained on the reduction of glucose 
using alwninum amalgam in ammoniacal solution5 or in weak 
sodiwn hydroxide solution. 6 
Electrolytic reduction of glucose m sodiwn sulfate solution 
with a mercury cathode favors the formation of sorbitol over 
mannitol. 7 
In none of these cases is there any evidence for the formation 
of a dehydroxylated product, so the application of any of these 
processes to the present problem is likely to be unfruitful. 
Reduction of hydroxyl groups with lithiwn aluminwn hydride 
is unusual, but one such case has been reported: o-aminobenzyl 
alchohol is reduced to o-toluidine 8 --
The reaction proceeds with reluctance; after six days at 
90°C the yield is only 53 percent. Gaylord proposes a mechanism 
whereby the hydroxyl group is lost as an hydroxide ion, the 
positively charged carboniwn ion then acquires a hydride ion from 
the lithiwn alwninum hydride. He shows that this mechanism 
is only made possible by the resonance stabilization of the aromatic 
carbonium ion, and cannot occur in a system where such 
stabilization is impossible. It is therefore safe to assume that 
lithium aluminum hydride will reduce mucic acid to dulcitol 
rather than to adipic acid. 
2. 2 Reductions with Raney Metals 
The use of Raney metals in the hydrogenation of hydroxy-
compounds, especially diglycols, indicates that it would be un-
suitable for the proposed reduction of 6-amino-2, 3, 4, 5-tetra-
hydroxyhexanoic acid. Evidence leading to this conclusion is 
set forth as follows: 
The outstanding ability of Raney nickel to promote reduction 
is attributed to its ability to join in some fashion with hydrogen, in-
deed when Raney nickel is freshly prepared its formula corresponds 
to Ni2H and it behaves electrochemically like a reversible hydrogen 
electrode. This makes it possible to carry out reductions at 
reasonably low temperatures and pressures. 9 
The formation of Raney-type catalysts is not limited to 
nickel; indeed 1, 6-diaminohexane is produced in 97 percent yield 
from the corresponding dinitrile using Raney cobalt. 10 
Good results are obtained generally in the use of Raney 
nickel in the addition of hydrogen across double and triple bonds. 11 
The reduction of muconic acid has been carried out under comparative 
conditions using platinum, palladium and Raney nickel. 12 The 
results obtained are as follows: 
Muconic Acid (HOOC-CH=CH-CH=CH-COOH) 
Platinum Palladium Raney Nickel 
Unchanged material 
..<.. Dihydro acid 
13 Dihydro acid 
Adipic acid 
(%) 
40.3 
ll. 3 
7.5 
40.3 
(%) 
10.8 
56.3 
14. 8 
10. 8 
(%) 
26.9 
31.6 
15.0 
26.9 
It is apparent that palladium favors the formation of the o<._ 
dihydro acid over the /3 -dihydro acid: Raney nickel is less selective 
and also less active than palladium (compare percentages of unchanged 
material), but for the best conversion to a tetrahydro acid, platinum 
is superior to either metal. 
The use of Raney nickel in the reduction of primary and second-
ary alcohols has been carried out by Adkins, Wojcik and Burdick. 13• 14 
With secondary alcohols the C-0 bond is broken above 200°C and 
the corresponding hydrocarbon formed. The same effect is observed 
(but at much lower temperatures) in primary alcohols with an - "( 
benzene or pyrrole nucleus. 
In other primary alcohols, a cleavage of the hydrocarbon 
chain occurs forming methane and the next hydrocarbon: 
Diprimary glycols are similarly hydrogenolysed: 
b 
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These generaliz--ations are illustrated by the following yields, ob-
tained over Raney nickel at 250°C: 
1-Tetradecanol 
1-0ctadecanol 
3-Cyclohexyl-1-propanol 
1, 10-Decanediol 
1, 4-Heptanediol 
1, 12-0ctadecanediol 
90% Tridecane 
80% Heptadecane 
80% Ethylcyclohexane 
90% Octane 
66% 3-Hexanol 
75% Heptadecane 
Reductions of disecondary glycols have not been studied, but on a 
6 carbon compound with 4 non-terminal hydroxyl groups we could 
reasonably expect complete disintegration. Consequently no 
experimental work has been done on this problem using Raney nickel. 
2. 3 Reductions with Copper Chromite Catalyst15 
Whereas nickel catalysts are especially suitable for the 
hydrogenation of carbon multiple bonds, copper chromite catalyst 
systems are more active toward those functional groups which con-
tain oxygen. The real catalyst in these systems is probably copper 
oxide, stabilized against reduction by chromium oxide. The catalyst 
requires high temperatures and pressures: Presumably not enough 
hydrogen is absorbed at the active centers when the pressure is low. 
7 
Pressures used with copper chromite should be in the 
vicinity of 40-200 atmospheres: Often a small increase in pressure 
will greatly accelerate the hydrogenation rate. 
Temperatures should always lie above 150°C and usually 
there is nothing to be gained by exceeding 280 ° C. 
Catalyst ratios of 5 - 10 percent are used. Chromite 
reductions of sucrose and glucose (along with a number of other 
sugars) have been carried out by Zartman and Adkins 16 and a system-
atic analysis of the reaction products reveals that propylene glycol 
is always a major reaction product. However, appreciable amounts 
of glycerol are also formed and generally a residue (2 - 10 percent) 
remains, which may be further hydrogenated to glycols. A 
heterocyclic furane derivative is also formed in small yield. Refer-
ences are given for the preparation of the catalyst17 and the analytical 
methods used. 18 
Hydrogenation of glucose by Wederhagen and Wegner l9 yielded 
similar results: Among the reaction products were acetol 
(CH3COCH20H), ethylene glycol, propylene glycol and glycerol. 
The process has been suggested as a cheap source of a mixture of 
glycols (eg. , for antifreeze) but is not economically competitive at 
the moment. 
Adkins also reports directly concerning the hydrogenolysis 
and hydrogenation of glycols. 20 The report is very extensive, 
covering the hydrogenation of some 74 oxygen containing compounds 
8. 
with details of temperature, pressure, time of reaction, etc. 
Promoters are added in some cases. The author makes these 
two tentative generalizations which are not, however, universally 
true: 
1. 1, 3-Glycols are very susceptible to hydrogenation 
and give a mixture of at least two products: In one case carbon-
carbon cleavage occurs; in the other case it does not. 1, 3-
Propanediol (72 minutes at 250°C) yields 94 percent of the theo-
retical amount of !-propanol. Glycerol is converted to 1, 2- propanediol 
in 85 percent yield; 1, 3-butanediol yields a mixture of 56 percent 
2-butanol and 32 percent 1-butanol. 
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Chain branching greatly facilitates hydrogenolysis: 
Branched chains undergo cleavage much more readily than straight 
chains. 
The most complete investigation of such reactions was 
reported in 194321 by Natta and co-workers, who evaluated the 
b F 0 
298 for the hydrogenation of the aldehyde group in glucose. 
From thermodynamic data on known sugars and sugar alcohols 
they were then able to find approximate values for the iJ. F for the 
substitution of -H for -OH in primary and secondary hydroxyl groups. 
They also calculated the variation of fj F with temperature. 
q 
From their results they calculate that for a primary 
-OH, ~F 
298 = -34,500 cals. and for a secondary -OH, ..6F 298 = 
-37, 500 cals. The replacement is thermodynamically favorable. 
The authors then discuss their experimental results in 
terms of the thermodynamic predictions and conclude that in practice 
polyfunctional alcohols with a small number of carbons hydrogenate 
preferentially at the terminal carbon. 
Thus from glycerol one gets 2 -propanol but not 
1-propanol: 
LJ.l.t-oH 
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2. 4 Other Hydrogenation Catalysts 
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Successful hydrogenation of sugars over nickel and nickel-
iron catalysts (not Raney metals) has also been reported, 22 yielding 
a mixture of products including glycerol, propylene glycol, ethylene 
glycol and methanol. 0 Temperatures of 180 C and pressures up to 
300 atmospheres were used. 
A highly active form of platinum has recently been prepared 
by the hydrolysis of a platinum-lithium intermetallic compound. 23 
Little work has been done on actual hydrogenations using this catalyst 
but there is no reason to expect that it will behave in a different 
way from ordinary platinum, which gives no evidence of 
dehydroxylation of sugars. 
iO 
3. 0 Choice of a Dehydroxylation Method 
The most important point to emerge from the foregoing 
discussion is that the substitution of -H for -OH is thermody-
namically favored. However, only three reducing systems have 
been found capable of effecting this reduction on aliphatic sugars. 
These systems are: 
1) Raney nickel and hydrogen 
2) Copper chromite and hydrogen 
3) Hydriodic acid and phosphorous. 
All three of these systems also give rise to undesirable side 
reactions. Thus Raney nickel causes cleavage of the carbon-
carbon chain, chromite reduces terminal carbons preferentially, 
and hydriodic acid and phosphorus cause some decomposition to co
2
. 
The objections to the Raney nickel system are sufficiently 
serious for us to discard this catalyst, as has already been explained. 
Chromite reduction is a good possibility, but requires high tempera-
tures (usually 200°C or over) at which considerable decomposition 
of sugar-based material will undoubtedly occur. 
The use of the phosphorus /hydrogen iodide system as a 
reducing agent for carbohydrates has not received much study. It 
was decided to begin by a duplication of the work by Crum-Brown 
in converting mucic acid to adipic acid. This was a convenient 
choice because mucic acid is readily obtainable, high melting (206°C) 
and, unlike most polyhydroxy compounds, almost insoluble in water 
or in ethanol. 
1) 
A program of work was set up with the following 
objectives: 
1. To develop and test a method of analysis for the 
quantitative determination of adipic acid in the presence of mucic 
and phosphoric acid and hydriodic acid. 
2. To develop and test a method for the quantitative 
determination of carbon dioxide gas in the presence of hydrogen 
iodide gas and possibly a little phosphine gas. 
3. To study the effect of varying the reaction temperature. 
4. To study the effect of varying the stoichiometric ratio 
of hydrogen iodide to mucic acid. 
5. To study the effect of varying the amount of phosphorus. 
6. To study the effect of a high pressure of carbon dioxide 
gas. 
7. To study the effect of a high pressure (over 100 atm.) 
of hydrogen gas. It was hoped that under these conditions a tempera-
ture could be found at which the iodine (resulting from the oxidation 
of hydrogen iodide) would recombine with hydrogen gas, to regenerate 
hydrogen iodide. In this way, loss of this expensive reagent could 
be minimized and the process would be commercially feasible. It 
is known that the equilibrium constant for the system 
favors the formation of hydrogen iodide at temperatures between 
100° and 200° - the range in which we are interested. 
12-
Details of the experimental work are presented in the 
next section. 
4. 0 Preliminary Experimental Work 
4. 1 Reactions in Sealed Tubes 
In an effort to duplicate the work of Crum-Brown, three 
runs were attempted in sealed Carius tubes. The details of these 
three runs are collected in Table 1. A special heater was 
constructed for maintaining the Carius tubes at a constant tempera-
ture (see Fig. 1 for illustration). An electrothermal heating tape 
was attached to the glass jacket by means of a pressure sensitive 
adhesive tape woven of glass cloth and impregnated with a heat-
resistant thermosetting adhesive. (Electrical tape No. 27 made 
by Minnesota Mining and Manufacturing Company: obtainable through 
their local agents). Glass wool insulation was used on the upper 
section of the tube, as shown. Vegetable fat was used as the heating 
fluid. The whole assembly was encased in a length of steel pipe 
in case of explosion. 
The apparatus was standardized by inserting a Carius tube 
containing a thermometer partially immersed in propylene glycol 
and measuring the temperature of the contents of the tube against 
various input voltages from the Variac. 
Each reaction tube was removed and cooled in ice before 
opening, nevertheless a fair amount of spurting and foaming always 
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accompanied the opening of the tubes, so that some loss of contents 
was inevitable. 
TABLE I 
Experiments in Glass Tubes 
Run g. g. g. Heating Max 
Period temp No. Mucic acid HI/ 50% Phosphorus 
1 
2 
3 
10 g. 9 g. 3 g. 20 hrs. 120° 
5 g. 100 g. 5 g. 16 hrs. 145° 
5 g. 90 g. 1 g. 3hrs. 125° 
(exploded) 
Reagents 
Mucic acid: K and K Laboratories Inc. 
Lot 28923 
Hydriodic acid: Baker 1s analyzed reagent; 
47 - 50 %HI by weight 
Red Phosphorus: Baker 1s technical grade 
Lot 20,845. 
%Conversion 
To adipic acid 
about 65% 
about 30% 
about 45% 
Adipic acid was separated from the reaction products by the 
method of Crum-Brown, which is tedious and inaccurate, and does 
not yield a pure product. Hence the yields quoted in Table I should 
be regarded as approximations. 
However the melting point of the material was satisfactory 
(149° - 152°C), and this preliminary test did give an indication that 
the phosphorus/hydrogen iodide system would successfully reduce 
mucic acid to adipic acid. 
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4. 2 Methods of Analysis 
a. Determination of adipic acid 
The expected reaction products consist of a mixture of 
hydrogen iodide, iodine, phosphorus-containing acids, mucic acid, 
adipic acid, unchanged phosphorus and water. After several 
unsuccessful attempts, the following method of separation was used. 
The liquid reaction product was diluted with distilled water 
to about 300 ml. , warmed to 60°C with stirring (to ensure that all 
the adipic acid was in solution) and filtered through a No. 41 
filter paper to remove phosphorus and unchanged mucic acid. 
This filtrate was then passed through a column of specially 
prepared ion exchange resin. A strongly basic anion exchange resin 
(Dowex l-X4 or lX-8) was prepared for use by repeated soaking in 
30 percent acetic acid until the supernatant liquid was free from 
chloride ion (Ag+ test). The resin, now in the acetate form, was 
found to absorb iodide, tri-iodide, and phosphate ions very readily, 
i£ the pH of the wash liquid was low, however, the adipic and mucic 
acids would not ionize, and thus would escape adsorption. The 
column was therefore rinsed with 10 percent acetic acid before use, 
and washed with this dilute acid solution to elute the adipic and mucic 
acids. 
The combined extracts were tested with silver acetate 
solution to ensure that no iodide ions has escaped adsorption, and 
then evaporated to dryness under reduced pressure (20 mm Hg. ). 
Jb 
}7 
The volatile acetic acid was distilled off and a residue of mucic 
and adipic acids remained. The residue was rinsed a few times 
with warm ethanol, in which the adipic acid is readily soluble 
but in which the mucic acid is virtually insoluble. The combined 
alcoholic extracts were cooled in ice and filtered by suction. 
Evaporation of the alcoholic filtrate gave crystalline adipic acid, 
In later runs the alcoholic solution was titrated directly 
with standard sodium hydroxide solution {phenolphthalein indicator) 
and the yield of adipic acid determined from the titration. 
The mucic acid remaining in the flask was readily soluble 
in boiling water. 
' The method was tested on a model mixture containing 1. 000 
g. adipic acid, lg mucic acid, 20 ml hydriodic acid, 5. 0 g. iodine 
and 1. 0 g. phosphoric acid. 
The recovery of adipic acid was 99. 4 percent and the sepa-
ration was clean. (m.p. 151°- 153°C). 
This method was used in all subsequent analyses. 
b. Analysis of gaseous products 
When mucic acid is heated with hydrogen iodide in a sealed 
bomb, the exhaust gases contain carbon dioxide resulting from 
decarboxylation of the carboxylic acid groups. The following method 
of analysis was used for the determination of carbon dioxide. 
The exhaust gases were bubbled through a train of 3 flasks, 
each containing about 100 ml of saturated barium hydroxide solution. 
Barium carbonate was precipitated. 
The contents of the 3 flasks were combined and titrated 
with standard hydrochloric acid in the cold until the pink color of 
phenolphthalein indicator was just discharged. Fifty milliliters 
of standard INhydrochloric acid was then added, and the solution 
was boiled for 4 minutes to expel carbon dioxide (a blank test 
proved that no loss of hydrogen chloride gas occurs during this 
boiling period). 
Four drops of methyl orange indicator were then added and 
the solution was back-titrated with standard sodium hydroxide 
solution to a yellow end point. 
Weight of carbon dioxide = (50 - vol. N. NaOH) x 0. 022g. 
4. 3 Corrosion Problem 
For work at pressures in excess of 5 atmospheres, it 
was necessary to find a material of construction other than glass. 
Aqueous hydrogen iodide is violently corrosive toward most metals, 
particularly at elevated temperatures. Even metals below hydrogen 
in the activity series are attacked. It was feared that an attempt 
to run the reaction in a steel bomb would result in gross corrosion 
of the bomb assembly, and the resulting concentration of metal 
ions would contaminate the product and possibly influence the course 
of the reaction. 
IB 
A series of corrosion tests were run in which the resistance 
of various materials to hydrogen iodide was measured by intra-
ducing weighed samples of the materials into a flask containing 
boiling hydrogen iodide solution. Materials tested in this way 
included copper, lead, nickel, manganese, tin, stainless steel 
type 347, stainless steel type 316, Teflon and polyethylene. 
The samples were reweighed after 5 hours immersion in 
the boiling acid, and the loss in weight was taken as an indication 
of acid resistance. 
The 5 elemental metals were rapidly and completely dissolved 
by the acid. The stainless steels were far better, and type 316 was 
the better of the two. The actual results are as follows: 
Original weight of S. S. 316 strip 
Weight after 5 hours 
Loss (5 hrs) 
Weight after 11 hours 
Loss (11 hrs) 
107. 8038g. 
107.5676g. 
0. 2462g. 
107. 3012g. 
0. 5026g. 
The corrosion rate is steady with no evidence of induced passivity. 
Exposed surface area of strip = 13. 5 in 2 . 
Hence, corrosion loss= 0. 5026/13.5 x 11 = 0. 00336 g/in2/hr. 
This amount of corrosion is too great to allow the use of a steel 
bomb for the reaction. 
The two plastic materials showed no loss in weight even 
after boiling overnight with hydrogen iodide. The polythene, how-
ever, was embrittled whereas the teflon appeared to be completely 
unaffected as regards physical properties. 
It was therefore decided to design and construct a Teflon 
liner to fit snugly into the bomb and protect the metal from 
corrosion. A tiny hole in the dome of the liner admitted the hydro-
gen gas. The gas-tight seal was made between two Teflon surfaces. 
The whole assembly is illustrated in Fig. 2. 
5. 0 Experiments at High Pressure 
5. 1 Equipment 
A high pressure microbomb, of capacity about 100 ml, was 
fitted with a Teflon liner as already described. The reaction vessel 
was fitted to a superpressure assembly (American Instrument Com-
pany, Cat. No. 406-0IM) equipped with heating jacket, (Aminco. 
Cat. No. 406- 35Hi) coil and Variac. Hydrogen gas (Airco) was 
supplied at a pressure of 2200 psi. from a cylinder. A thermometer 
well in the heating jacket permitted standardization of bomb tempera-
ture by varying the input voltage. Bomb pressure was indicated 
by a standard superpressure gauge. A train of absorption flasks 
was connected to the bomb venting system for the analysis of 
exhaust gases after each run. No copper washers were used in 
the bomb: it was found that a sufficiently tight seal was obtained 
between the two Teflon surfaces. 
5. 2 Effect of Temperature 
The stoichiometry of the reaction is represented as follows: 
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Hence 8 moles of hydrogen iodide are required for the de-
hydroxylation of 1 mole of mucic acid. Hydrogen iodide (Baker's 
analyzed reagent grade) was available in the form of a 50 percent 
aqueous solution of density 1. 7 g/ cc. Hence 
210 g mucic acid requires 1, 016 g HI gas 
5 g mucic acid requires 24. 2 g HI gas 
48. 4 g aqueous HI 
= 30 ml of 50o/o aq. HI. 
A series of runs was attempted using 5 g of mucic acid (K & K 
Lab., Lot 28923) 30 ml of hydriodic acid (Baker's Analyzed Reagent) 
and an arbitrary quantity (1 g) of red phosphorus (Bakers technical 
grade, Lot 20, 845) at a range of temperatures. 
After the completion of the run, the liquid phase was analyzed 
for adipic acid and the gas phase was analyzed for carbon dioxide. 
Full details of the runs are given in Table II. 
TABLE II 
Effect of Temperature Variation 
Run No. Temp. Time Hz press. o/o conv. to o/o decamp. 
(C) psi adipic acid to co2 
1 105° 24 hrs. 1500 18.7 3.0 
14 113° 24 hrs. 38 o/o 
4 120° 21 1/2 hrs. 1700 49. 3 o/o 12.7 
'!' 16 125° 22 hrs. 1100 78 o/o 13.8 
15 135° 22 hrs. 1100 62 o/o 
5 155° 16 hrs. 1875 64 o/o 14. 1 
Run No. 16 was done twice to ensure the reproducibility of the 
result. 
It is apparent that both the percentage conversion and also 
the percentage decarboxylation are temperature dependant. 
This can be conveniently represented on the next graph 
(Fig. 3). 
The optimum temperature seems to be 125°C: At higher 
temperatures, decomposition is extensive and the yield of adipic 
acid is consequently depressed. 
5. 2. 1 Decarboxylation 
It is evident from the data in Table II that the decarboxylation 
is also temperature dependent. Since the carbon dioxide could 
originate either from the decarboxylation of the starting material 
(mucic acid) or from the decarboxylation of the product (adipic 
acid), two runs were carried out using hydrochloric rather than 
hydriodic acid, and heating acidic solutions of mucic and adipic 
acids in turn. The exhaust gases were analyzed for carbon dioxide. 
Details are given in Table III. 
TABLE III 
Run Starting Time Temp. Hz press o/o Decarboxylation 
No. Material 
10 mucic acid 20 hrs. 125°C 1700 psi 18. 5 o/o 
" 11 adipic acid 19 hrs. 125°C 1700 2. 72 o/o 
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It is plain that most of the carbon dioxide originates from the 
mucic acid. A possible reason for this is that the hydroxyl groups 
of the mucic acid may be protonated in strongly acidic solution 
and the resulting positive centers aid the subsequent removal of 
carbon dioxide: 2 9 
CooH 
I 
wo H 1-1 ·I- t- (. 0..(. 
~ - G-- oH 
I -r 
1+·- (..- OHl. 
I 
CH~- (.) H 
I I 
Adipic acid has no hydroxyl groups to be protonated and hence is 
decarboxylated less slowly. 
From the data in Table II, it is apparent that in run No. 16, 
the percentage of decarboxylation is only 13. 8 percent as against 
18. 5 percent in run No. 10. The difference is explained by the fact 
that in run No. 16, hydrogen iodide was used whereas in run No. 10 
hydrochloric acid was used. The hydrogen iodide effects the con-
version of mucic to adipic acid. The latter is much less readily 
decarboxylated. Hence the speed of dehydroxylation (to form adipic 
acid} must be at least of the same order of magnitude as the speed 
of decarboxylation, since some of the mucic acid underwent de-
hydroxylation first, and in this way the extent of total decarboxylation 
was decreased. 
At a higher temperature (155°) the rate of decarboxylation 
apparently increased more than the rate of dehydroxylation, since 
the net yield of adipic acid is lower and the total extent of de-
carboxylation is a little higher. 
At temperatures lower than 125°C both reactions are slow. 
It is possible that the relative ratio of dehydroxylation to decar-
boxylation may be increased even further at low temperatures, but 
the reaction would take an excessively long time. 
5. 3 Role of Phosphorus 
The role of phosphorus in the reaction is not clear. Since 
the stoichiometry of the reaction may be written satisfactorily 
without the inclusion of phosphorus, it is reasonable to assume 
that its function is catalytic. In order to study the effect of 
phosphorus on the reaction a series of runs were carried out using 
different quantities of phosphorus. 
The hydriodic acid used in these experiments {Baker's 
Analyzed reagent grade) contained 0. 5 percent of hypophosphorus 
acid as a preservative, and hence was distilled before use. 
A molar ratio of 8 moles of hydrogen iodide to 1 mole of 
mucic acid was used in these experiments. Details are given in 
Table IV. 
" 
TABLE IV 
Run g. Mucic Hydrogen Temp. Time Percentage 
No. Phos (g) acid (g) iodide (ml) (hrs) yield (adipic) 
19 nil 5 g. 30 ml 113° 20 hrs 2. 8% 
9 o. 1 g. 5 g. 30 ml 125° 19 hrs 38.4% 
18 0. 2 g. 5 g. 30 ml 125° 20 hrs 65 % 
17 o. 6 g. 5 g. 30 ml 125° 22hrs 83 % 
16 1. 1 g. 5 g. 30 ml 125° 22 hrs 78 % 
These results are illustrated graphically in Fig. 4. 
It is apparent that the reaction goes very slowly in the absence 
of phosphorus, but that a plateau region is reached after a certain 
amount of phosphorus has been added. This amount appears to 
be in the region of 0. 2 g. to 0. 6 g. of phosphorus. This corresponds 
to 0. 0065 to 0. 02 gram atom of phosphorus. The molar ratio of 
mucic acid to phosphorus is thus between 4:1 and 4:3. From this 
evidence it seems likely that the function of the phosphorus is 
catalytic, since it seems unlikely that the removal of four moles 
of hydroxyl groups can involve the stoichiometric consumption of 
less than one mole of phosphorus. Also, the fact that some adipic 
acid is formed even in the absence of phosphorus is in agreement 
with this. 
It is not possible to say whether phosphorus, phosphine 
or phosphonium iodide is the real reducing agent. The odor of 
phosphine gas was noticeable after many of the runs, especially 
ro 
bo 
Po{ 
I 
! 
/0 
I 
1 
l 
f 
f 
/ 
.c 
J 
;; 
' 
J 
' 
oL---------------o~5~------------~l·7D--------------~1·5 
those carried out at a temperature of 155°C. However, no proof 
of the participation of phosphine in the reaction is actually 
available. 
5. 4 Time Dependence of the Reaction 
When carrying out the conversion of saccharic acid to 
adipic acid, de la Motte 1 had heated the reaction mixture for 
14 - 20 hours. To determine whether a long reaction period was 
necessary or not, a series of five runs was carried out in which 
the temperature was controlled at 125°C, the molar ratio of hydro-
gen iodide to mucic acid was 8: 1, the molar ratio of mucic acid 
to phosphorus was 2:3, and the hydrogen gas pressure was 1100 
p. s. i. throughout. 
The reactants were charged to the Teflon-lined steel bomb, 
the gas tight seal secured, and the bomb placed in the preheated 
jacket. After the reaction period the bomb was removed from the 
superpressure assembly, and quenched in a bucket of cold water 
before being opened. 
The data for the five runs are collected in Table V and 
illustrated graphically in Fig. V. 
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TABLE v 
Run Time Temp. Mucic Hydrogen %yield of 
No. acid (g) iodide (ml) adipic acid 
24 1 hr 125° 5 g. 30 ml 31 % 
22 2 hrs 125° 5 g. 30 ml 43% 
21 4 hrs 125° 5 g. 30 ml 64% 
20 8 hrs 125° 5 g. 30 ml 84% 
16 22 hrs 125° 5 g. 30 ml 78% 
It appears that the reaction is essentially complete after 
8 hours. The small drop in yield during the next 14 hours is 
probably not significant, but may be due to the decarboxylation of 
"' 
the adipic acid. 
5. 5 Effect of High Pressure of Carbon Dioxide 
The decarboxylation reaction for either acid may be 
represented as follows: 
I( coo H 
If we assume that the reaction is reversible and that the equilibrium 
constant for the reaction is small, then it would be reasonable 
to expect that a high pressure of carbon dioxide would noticeably 
retard the decarboxylation reaction, and an improved yield of 
adipic acid should result. 
In order to test this idea, a few small pieces of Dry Ice 
were placed in the steel bomb along with measured amounts of 
mucic acid and hydrogen iodide, and after sealing the bomb, the 
32--
pressure increased to 600 p. s. i. as the dry ice evaporated. The 
0 bomb was warmed to a temperature 15 C higher than the 
critical temperature of carbon dioxide, to ensure that no carbon 
dioxide liquid was present. The whole assembly was then heated 
Details are given in Table VI, along with a control run. 
TABLE VI 
Run Temp. Time Mucic Hydrogen Phos. Carbon dioxide o/o yield 
No. acid (g) iodide (g) (g) pressure adipic 
acid 
27 125° 21 hrs 5 g. 30 ml 1 600 p.s.i. 69 
12 125° 20hrs 5 g. 30 ml 1 nil 71 
" No enhancement of yield is observed. 
5. 6 Attempted Regeneration of Hydrogen Iodide 
As explained in Section 3. 0, there was reason to expect 
regeneration of hydrogen iodide when the reaction is performed 
under a high pressure of hydrogen gas. In order to determine 
whether or not regeneration could take place, a series of runs were 
performed in which the quantity of hydrogen iodide was steadily 
decreased, but the partial pressure of hydrogen was high {140 
atmospheres). 
The yields of the various runs were then determined, 
and a ratio, "" , could be calculated; where 
= 
observed yield 
expected (stoichiometric) yield based on quantity 
of hydrogen iodide used. 
If there is ~ regeneration of hydrogen iodide, o( will be a constant. 
If there is any regeneration, the starting values of o( will be highest 
when the quantity of hydrogen iodide is least. 
Two series of runs were done: 0 one at 125 C and one at 
155°C. Details of the runs are given in Table VII. 
Phosphorus (1. lg) was used in each run. 
TABLE VII 
Run Hydrogen Temp. Hydrogen gas Time o/o yield 
No. iodide (ml) pressure adipic acid 
16 30 ml 125° 1100 p. s. i. 22 hrs. 78 o/o 0.78 
2 25 ml 125° 1700 p. s. i. 20 hrs. 67 o/o 0.81 
3 15 ml 125° 1700 p.s.i. 20 hrs. 39 o/o 0.78 
-------
5 30 ml 155° 1875p.s.i. 16 hrs. 64 o/o 0.64 
6 15 ml 155° 1900p.s.i. 16 hrs. 33 o/o 0.66 
The remarkable constancy of o( at each temperature indicates 
that no regeneration of hydrogen iodide is taking place under these 
reaction conditions. 
The failure of the regeneration of hydrogen iodide is almost 
certainly due to the segregation of hydrogen and iodine in separate 
phases. The iodine is formed in the liquid phase where the 
concentration of iodide ion is large. The high stability of the 
tri-iodide ion, and the high external pressure prevent the iodine 
from passing into the vapor phase. The low solubility of hydrogen 
gas in water (especially at high temperatures) prevents the 
concentration of dissolved hydrogen gas in the liquid phase from 
becoming appreciable. The segregation process is sufficiently 
effective to prevent the regeneration of hydrogen iodide. 
5. 7 Summary 
1. A temperature of 125°C is the most satisfactory for 
the dehydroxylation reaction. In order to achieve this temperature, 
the reaction must be run in a pressure vessel. 
2. The presence of phosphorus is necessary in order to 
get an appreciable yield of adipic acid. A molar ratio of 2:1 mucic 
acid/phosphorus is the minimum for a satisfactory conversion. 
3. Decarboxylation of mucic acid is appreciable at 125°C; 
decarboxylation of adipic acid is negligible. The rate of decar-
boxylation of mucic acid is of the same order of magnitude as the 
rate of dehydroxylation. 
4. A rise in temperature depresses the yield of adipic 
acid: possibly because it accelerates the decarboxylation of 
mucic acid more than it accelerates the dehydroxylation. 
5. An added pressure of 600 p. s. i. of carbon dioxide gas 
does not retard decarboxylation. 
31j-_ 
6. The iodine formed by the reaction will not re-unite 
with hydrogen gas under the conditions of the reaction to regenerate 
hydrogen iodide. This failure is undoubtedly due to the phase 
segregation of the two components. 
7. The reaction, carried out at 125°C with stoichiometric 
amounts of reactants and a 2:3 molar ratio of mucic acid to 
phosphorus, is essentially complete after about 8 hours. 
6. 0 Deamination Experiments 
6. 1 Object and Scope 
The conditions used for the dehydroxylation of mucic acid 
might quite feasibly result in the deamination of hydroxyamino 
acids, since the amino group is readily protonated, and the resultant 
positive charge on the nitrogen atom would weaken the carbon to 
nitrogen bond. 
A series of experiments was designed to determine: 
1. The relative ease of dehydroxylation as against 
deamination when the amino group is attached to a primary carbon; 
2. The relative ease of dehydroxylation as against 
deamination when the amino group is attached to a secondary carbon. 
6. 2 Methods of Analysis 
ll!l The deamination of an amino- sugar in strong hydriodic 
acid solution will yield the ammonium ion as the product. To 
determine the degree of deamination it is necessary to carry 
out a quantitative determination of ammonia in the presence of 
amino-sugar without decomposing the latter. 
The following method was used: The solution containing 
ammonium ion, unchanged amino-sugar, unchanged red phosphorus 
and an excess of hydrogen iodide, was filtered into a one liter 
round-bottomed three"necked flask containing an excess of solid 
calcium carbonate (General Chern. Co., reagent grade, Lot DlOl}. 
The three necked flask was equipped with a side-arm, water cooled 
condenser, and receiver adapter dipping into about 100 ml of 3 
percent aqueous boric acid in an 800 ml beaker. After the evolution 
of carbon dioxide had subsided, 300 ml of distilled water was 
added to the three necked flask and the contents heated to boiling. 
The calcium carbonate reacts with ammonium ion; the ammonia 
gas distilled off with the steam, and was absorbed in the boric 
acid. Distilled water was added to the flask from the dropping 
funnel at the same rate at which distillate drips into the boric acid. 
After 500 ml of distillate had been absorbed in the boric 
acid, the distillatioJI'as discontinued, the receiver-adapter rinsed 
with distilled water, and the mixture of distillate and boric acid w 
titrated directly with 0. 1 normal hydrochloric acid, using a mixed 
indicator of methyl red and bromo thymol blue. The volume of 
acid used in the titration corresponds directly to the quantity of 
ammonium ion in the mixture, and hence to the extent of deamination . 
.. 
36, 
The method was tested on model mixtures composed of 
D-glucosamine hydrochloride (Matheson, Coleman and Bell, 
Lot No. GX-115), ammonium chloride (Baker's analyzed reagent) 
red phosphorus (Bakers technical grade, Lot 20845) and hydriodic 
acid. Recovery of ammonia was quantitative. 
6. 3 Starting Materials 
Four amino- sugars were tested in this investigation. 
1. D Glucosamine hydrochloride (Matheson, Coleman and 
Bell, Lot No. GX-115). 
2. L. Threonine (Matheson, Coleman and Bell, Lot No. 
TX 6 CO). 
3. D - Galactamine. 
4. D - Glucamine. 
Preparation of Glucamine and Galactamine: 
The method of synthesis used is described by Kagan and 
co-workers. 24 It calls for constant agitation, a temperature of 
30° - 50°C and a hydrogen gas pressure of 20 - 50 p. s. i. 
A Parr hydrogenator was available for use (Parr Instrument 
Company, Moline, ill.: Item 3911 Pressure Reaction Apparatus), 
but this model had no provision for warming the solution during 
the course of the reaction. To overcome this difficulty, an 
electrothermal heating tape was attached to the glass reaction 
vessel by using a special pressure sensitive adhesive tape, woven 
of glass cloth and impregnated with a heat resistant thermosetting 
37. 
adhesive. (Electrical tape No. 27 made by the Minnesota Mining 
& Manufacturing Company; obtainable through their local agents.) 
It was not feasible to insert a thermometer into the reaction vessel 
while the apparatus was under pressure, but it was simple to 
remove the glass reaction vessel from the assembly, pour in 250 ml 
of absolute methanol (Bakers Analyzed grade) and insert a thermome-
ter. The current output to the heating tape was then controlled by 
a Variac and a graph could be constructed of input voltage versus 
0 0 
methanol temperature, over the range of temperatures 30 - 50 C. 
Usually a period of 2 hours elapsed before the methanol 
reached a consistent temperature for any given voltage, but after 
this time there was very little temperature fluctuation. 
There is a small difference between the voltage calibration 
of different variable transformers; it is therefore advisable to 
choose one particular Variac for the standardization, and then to 
use it consistently for subsequent runs. 
It is, of course, a prerequisite that the room temperature 
be reasonably constant. 
Even under ideal conditions, the temperature control can 
never be exact, but is certainly adequate for the glucamine 
synthesis, in which the temperature is allowed to vary between 40° 
0 
and 50 C. 
During the reaction, heat of hydrogenation is evolved in 
the reaction vessel, but a simple calculation will show that for the 
39. 
quantities of reactants being used {about 1 I 6 mole) the heat of 
hydrogenation should not exceed 5 K calories. During the average 
15 hour run, the electrical heating tape liberates around 160 K 
calories; hence the small heating effect due to the hydrogenation 
may be considered negligible by comparison. 
A schematic diagram of the hydrogenator is given on the 
next page {Fig. 6). 
The eccentric, driven by an AC motor {not shown) provides 
rapid agitation. 
Flexible tubing connects the reaction vessel to the hydrogen 
tank. The latter is filled from a cylinder of hydrogen gas. 
Experimental Procedure 
1. The Hydrogenation Process 
Twenty five grams {0. 14 mole ) of glucose {anhydrous 
"Baker Analyzed" reagent lot No. 20858, used as received) was 
dispersed in fifteen grams {0. 14 mole ) of benzylamine. {Matheson 
Coleman and Bell reagent grade material, b. p. 0 0 56 - 57 C/5mm) 
and 7. 5 g of distilled water was added. The mixture was warmed 
gently to 60°C in a water bath, and stirred until all the glucose 
had dissolved. Care should be taken to avoid overheating, since 
temperatures much in excess of 60°C {e. g. heating on a steam 
bath) lead to gelation of the product. 
After solution was complete, 200 ml of methanol {Fischer 
ACS grade; used as received) and 3. 2 g of platinum oxide (Matheson 
Coleman and Bell) were added, the mixture was introduced into 
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the modified Parr hydrogenator described in paragraph 2. 2 (b), 
and was hydrogenated for 15 hours at a temperature of 40° - S0°C 
at an initial hydrogen pressure of 50 p. s. i. Crystallization of 
the N-benzyl derivative began after about 2 hours. Sometimes 
supersaturation was so serious that a waxy gel rather than a 
crystalline precipitate, was produced. It is therefore advisable 
to keep a few crystals of the N-benzyl derivative at hand for the 
purpose of "seeding" in such cases. 
After the 15 hour reaction period, the product was dis-
solved in a further 500 m1 of methanol, and the catalyst was 
filtered off by suction using paper of medium porosity. Provided 
the catalyst is not sucked dry in this operation, it may later be 
re-used with perfectly satisfactory results. 
It usually happens that a small amount of platinum escapes 
filtration the first time, and a second filtration through diatomaceous 
silica is often necessary. 
Two crops of crystals were obtained. 
Yield (average of 10 runs) 17.9g 
Reported yield 11 19.2g 
Melting point 138° - 139°C 
Reported melting point 138° - 139°C 
The process was equally successful when D-galactose 
rather than glucose was used: in this case; 
Yield (average of 2 runs) 
Reported yield 
Melting point 
Reported melting point 
2lg 
24g 
157° - 159°C 
157° - 159°C 
!f-Z. 
Reduction of Catalyst Quantities 
In view of the expense of platinum dioxide, two runs were 
attempted in which the amount of platinum catalyst was reduced 
to one half and one quarter respectively. Other physical variables 
were kept identical as far as possible (i.e. the same heating 
rates, hydrogen pressures, etc.). It was found that the reduction 
of the platinum to half the normal quantity resulted in a delay of 
about 1 1/2 hours over and above the normal 2 hour period before 
the appearance of crystalline product. Reduction of the platinum 
to one quarter of the normal quantity resulted in a further delay 
of about 12 hours before the appearance of product. 
2. The Hydrogenolysis Process 
Thirty grams of the N-benzylglucamine, 5g of 10 percent 
palladium-on-charcoal, and 200 ml of absolute ethanol were stirred 
and introduced into the hydrogenator. The mixture was hydrogenolyzed 
0 for 2 hours at a temperature of 50 C and a hydrogen pressure of 
45 p. s. i. 
The product was mixed with 500 ml of anhydrous methanol 
and heated over a steam bath until solution was complete. 
The palladium catalyst was then filtered off, first through 
medium porosity paper, and then through a pad of diatomaceous 
silica. The filtrate was boiled down to 150 ml and cooled in the 
refrigerator overnight. The resulting product was filtered by 
suction and washed with a minimum amount of ice- cold ethanol. 
The palladium catalyst may be re-used if kept under ethanol 
in a stoppered flask. 
Difficulty was experienced in obtaining the glucamine in 
the dry state: frequently the crystals which separate are heavily 
solvated. Several attempts were made to dry the solvated material 
~g. by drawing a current of carbon-dioxide free air through the 
crystals, by azeotropic distillation with benzene, by varying the 
concentration and the rate of cooling of the solution, etc. None 
of these attempts was successful: the only satisfactory approach 
seems to be the tedious procedure of repeated recrystallization 
from anhydrous methanol; ultimately a pure, dry product is 
obtained. 
The hydrogenolysis was carried out twice for the prepara-
tion of galactamine, and several times for the preparation of 
glucamine. 
Yields of the products were as follows: 
Galactamine: (average of 2 runs) 
Glucamine: 
Yield - lOg 
M. Pt. 146 ° - 148°C 
(Lit. 14§) 
(Lit 145 - 148°C) 
(average of 10 runs) 
Yield - 10. 9g 
0 
(Lit 14g) 
(Lit 125° - 130°C) M. Pt. 126 C 
Discussion 
The method is not too satisfactory for general laboratory 
practice since it produces a somewhat impure product in low yield. 
6. 4 Deamination Experiments 
A weighed quantity of the amino-sugar,usually between 
lg and 5g,was introduced into the Teflon-lined bomb, and followed 
by the addition of sufficient hydriodic acid to effect both dehydroxyl-
ation and deamination. A small quantity of phosphorus was added 
(0. 3 to 0. 8 gms) and the mixture refluxed. After the reflux 
period (14 - 20 hours) the solution was analyzed for free ammonium 
ion as described in section 6. 3. 
Details of the runs are given in Table VIII. 
TABLE VIII 
Run Temp. Press. Amino compound % deamination Analysis of 
No. residue 
101 125° 1100 p. s. i. 87% extensive 
(hydrogen) D- glucosamine decomposition 
hydrochloride 
102 113° Atm. D-glucosamine 85% brown tarry 
hydrochloride products 
103 125° 1200p.s.i. 24 % basic, ether-
(hydrogen) D- glucamine soluble com-
ponent remaining 
109 113° Atm. D- galactamine 18% basic, ether-
soluble component 
remaining 
108 113° Atm. L-threonine 88% butyric acid 
identified in 
residue 
Discussion 
D- glucosamine and L-threonine have the following 
structures: 
c..H.JJU 
~ 0 llo~ r'\-o~ 
f..l-ti, 
(;-I\( <.-O!:.O..f\.t i vt (.. 
'- 0 JJ+ 
I 
LtlJ"H._) 
I 
I • 
! HL'"" u " ,_, v rT ./
I 
(Jt> 
I hr-(.o 11 :1<... 
In each case the amine group is attached to a secondary carbon 
atom. Furthermore in threonine this secondary carbon lies 
between a carboxyl group, and a carbon bearing a hydroxyl 
group. Since the hydroxyl group is probably protonated in strongly 
acidic solution, the carbon bearing the amino group is really 
situated between two positive centers, and thus is a favored site 
for nucleophilic attack. The carbon to nitrogen bond is already 
weakened by the protonation of the amino group, so that the next 
step is the breaking of this bond, resulting in deamination. 
In glucosamine the situation is similar except that there 
is a hemiacetal carbon instead of a carboxyl. 
Glucamine, however, has the amino group situated on a 
primary carbon: 
In this case the extent of deamination is only 18 - 20 percent 
under conditions where mucic acid is very readily dehydroxylated. 
A brown residue with a basic reaction and a fishy smell, 
could be isolated from the reaction mixture. This product 
was soluble in ether and was assumed to be n-hexylamine. 
Hence it appears that in amino-sugars with a terminal 
amino group attached to a primary carbon, the rate of deamination 
is of the same order of magnitude as the rate of dehydroxylation 
under these experimental conditions. 
Determination of Relative Rate of Deamination 
of Glucosamine 
The relative rates of deamination as against dehydroxylation 
in D- glucosamine were determined by means of a kinetic run. 
A quantity of D-glucosamine (10. OOOg) was accurately weighed into 
a 500 ml round-bottomed flask, followed by 0. 5 g of red phosphorus, 
and just sufficient hydriodic acid to completely deaminate and 
dehydroxylate the material. 
A water cooled reflux condenser was fitted to the flask 
and the temperature was raised to the boiling point of the acid 
mixture. 
Small samples ( 2 ml each) of the contents of the flask 
were removed at regular intervals of time, and the ammonium 
ion content determined by the method described in 6. 2. 
" 
It was reasoned that if deamination were preferred, 
the reaction would exhibit pseudo first-order characteristics, 
since the hydrogen iodide provided for reaction with the hydroxyl 
groups would be consumed less rapidly than the amino groups 
reacted, and hence the hydrogen iodide concentration during the 
deamination would not vary much. If the rates of deamination and 
dehydroxylation were identical, the reaction would exhibit second-
order rate characteristics. If deamination were the more diffi-
cult process, the reaction rate would increase rather than decrease 
with time. 
The kinetic run was continued for 24 hours. Details of 
the percentages of deamination after various periods of time are 
given in Table IX. 
TABLE IX 
Time (hrs.) % deamination % unreacted (log. q-x) 
0 0 100 2.0 
0.5 6. 5% 93.5% 1. 97 
1.5 39 % 61 % 1. 79 
3.0 55 % 45 % 1. 65 
4.5 73 % 27 % 1. 43 
7.0 85.5% 14.5% 1. 16 
9.0 91 % 9 % 0.95 
12.5 94 % 6 % 0.78 
,.7 
+· 
A plot of the log of percentage unreacted material vs. time 
gives a straight line (see Fig. 7). After longer periods of time, 
deviations become appreciable. This is due to the concentration 
of hydrogen iodide being diminished by reaction with the hydroxyl 
groups of the amino- sugar. 
A plot of the log of inverse concentration of unchanged 
amino-sugar vs. time does not yield a straight line. 
Thus it appears that the deamination of D-glucosamine 
under these conditions exhibits pseudo first-order rate charac-
teristics. The most feasible explanation for this is that the 
deamination reaction takes place more rapidly than the dehydroxy-
lation. 
Ftc;. 7. 
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7. 0 Conclusions 
1. A method suitable for the dehydroxylation of polyhydroxy 
compounds has been successfully selected. 
2. The experimental conditions for the optimum conversion 
of mucic acid to adipic acid have been investigated. 
3. The dehydroxylation of a polyhydroxy amino-acid is 
complicated by two competitive reactions; decarboxylation and 
deamination. Careful choice of reaction conditions is necessary 
to minimize decarboxylation. 
4. Deamination is the preferred reaction for D-glucosamine 
under the reaction conditions used. The extent of deamination 
is much less, however, for glucamine and galactamine. An 
explanation has been suggested for this (sec. 6. 4). 
5. An attempt to regenerate the hydrogen iodide in situ has 
failed; probably on account of the phase segregation of hydrogen 
and iodine. 
6. Methods of analysis have been developed for the 
determination of adipic acid and of ammonia in the presence of 
interfering substances. 
7. A process using the phosphorus/hydrogen iodide 
reducing system for the preparation of polyamide-type resins 
by dehydroxylation and polymerization of natural or synthetic 
polyhydroxy amino-acids is theoretically possible but not 
commercially feasible by this method, on account of the high 
price of hydrogen iodide. 
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